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Abstract 
Four hundred and twenty four records of one hundred and thirty seven ‘Red Sindhi 
cow’ for colostrum production traits and fortnight milk production traits along with parity, 
period of calving, season of calving, gestation period group, dry period group and previous 
lactation milk yield group for the period 1961-2003 were collected from Department of 
Animal Husbandry and Dairy Science, College of Agriculture, Pune-3. Least square 
analysis (Harvey, 1976) was carried out to assess influence of parity, period of calving, 
season of calving, gestation period group, dry period group and previous lactation milk 
yield group on different traits under study. The overall least square means of CYA 1, CYA 
2, CYA 3, CYA 4 and CYU 4 were 3.85 ± 0.10, 4.90 ± 0.10, 5.38 ± 0.10, 5.74 ± 0.10, and 
19.88 ± 0.34 kg, respectively. The overall least square means of FMYU 15, FMYU 30, 
FMYU 45 and FMYU 60 days were 100.28 ± 1.43, 216.35 ± 2.98, 328.11± 4.36 and 432.11 
± 5.68 kg respectively. The cows calved in 4th parity performed better for colostrum 
production and fortnight milk production. The cows calved in period 2 performed better for 
all production traits except FMYU 45 and FMYU 60. The cows included in 4th group of 
previous lactation milk yield performs better for all production traits than 1st group of 
previous lactation milk yield. Non-significant differences due to season of calving, gestation 
period and dry period were observed on all traits under investigation. 
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India is the world’s largest milk producer with its annual production of 143 million 
tones, representing one of the world’s largest and fastest growing enterprises for milk and 
milk product. India possesses 32 recognised cattle breeds out of which Red Sindhi is 
famous for its hardiness, heat resistance and high milk yield, they have spread into many 
parts of India and at least 33 countries in Asia, Africa, Oceania and America (Mason, 
1996). 
 The economic dairy farming depends on birth and survivability of calves, which in 
turn requires a considerable amount of good quality colostrum. Colostrum is the first drawn 
milk after parturition, which continues up to five days postpartum or ten postpartum 
milking. The importance of colostrum in calf rearing is well established. It differs greatly 
from normal milk concerned with composition as well as physical appearance. Colostrum 
contains 3-4 times more proteins than normal milk. It also contains various antibodies, 
which protects the calf from diseases and environmental factors. This unique nutritious feed 
for newly born calves has been studied in details regarding its composition, quality and 
preservation techniques. But the information on its production aspects is still lacking in 
Indian conditions. 
  
It also contains various antibodies, which protects the calf from diseases and environmental 
factors. This unique nutritious feed for newly born calves has been studied in details 
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regarding its composition, quality and preservation techniques. But the information on its 
production aspects is still lacking in Indian conditions.          Milk yield is the basic and 
important trait on which the economy of dairying is based. The milk production is a highly 
complex biological process influenced by the animal genetic potentiality and several other 
non-genetic factors like physiological and environmental effects viz. feeding, management 
and disease control. 
            The animal breeders always aim at increasing the productivity of the animals. For 
this purpose, selection of good parent is very much important and for selection, milk 
production traits play very important role. Also the dairy farmers and farm managers are in 
search of a good selection method for selecting high milk producing animals in order to 
make dairy business more profitable.  
                     The literature regarding effect of the non-genetic factors viz. parity, period of 
calving, season of calving, gestation period group, dry period group and previous lactation 
milk yield group on colostrum yield at 1st to 4th day and up to 4th day, fortnight milk yield 
up to 60 days is very scanty. With view in mind the present study was undertaken with 
objective, to study effect of various factors affecting on colostrum production traits and part 
lactation milk yield traits.  
MATERIAL AND METHODS 
The Agricultural college dairy farm, Pune is located on the Pune- Mumbai road at a 
distance of 3.5 km. North–East of the national highway no-4. The site of dairy farm is at an 
elevation of 559 meters above the mean sea level, on the 18o32 north longitude and 73o57 
East latitude. The British Government established the Agriculture college dairy farm, Pune 
in year 1888-89. It is one of the oldest dairy farms in the India; where Red Sindhi herd is 
maintained for teaching, research and extension purpose.  The data pertaining to the 
Colostrums production traits and part lactational milk yield traits in Red Sindhi cow was 
made available from the history-cum pedigree sheets and daily milk yield records 
maintained at the Agriculture college dairy farm, Pune during 1961-2003 and were utilized 
for the investigation. 
 The data pertaining to colostrum production traits i.e colostrums yield per day and 
yield up to 4th  day ( viz,CYA1, CYA2, CYA3,CYA4 and CYU5) and fortnight milk 
production traits i.e milk yield up to 15,30,45 and 60 days (viz, FMYU 15, FMYU 30, 
FMYU 45 and FMYU 60) along with parity, period of calving, season of calving, gestation 
period group, dry period group and previous lactational milk yield group for the period 
1961-2003 were collected from department of animal science and dairy science , College of 
Agriculture, Pune-3. Records of abnormal cases like abortion, Dystokia, still birth, lactation 
affected by disease, lactations of less than 120 days or lactation milk yield of less than 425 
kg were not included in the study. The data used in the study were classified according to 
the Parity, period of calving, season of calving, gestation period group, dry period group 
and previous lactation yield group. Paritiwise data up to fifth lactation for colostrum 
production traits and fortnight was taken for this investigation. 
 The entire span of 42 years was divided into 3 period of calving as, Years   1961-
1974,1975-1989,1990-2003 and given period code P1 , P2 and P3 .The year was subdivided 
into three seasons based on climatic conditions as ,June to September - S1  - Rainy, October 
to January- S2 – winter and February to May- S3  - summer.           
 The data of different dairy cattle on gestation period group, dry period group and 
previous lactation yield group were collected and classified into 3, 5 and 4 groups, 
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respectively (Mondal et al, 2007).  The Gestation period group was divided in 3 groups 
each of 10 days as, Below 280 days- G1, 281 to 290 days - G2 and 291 days or above -G3 . 
The dry period group was divided in 5 groups each of 50 days as, Below 50 days, 51 to 100 
days, 101 to 150 days, 151 to 200 days and201 or above days and designated as D1, D2, D3, 
D4 and D5 , respectively. The Previous lactation yield was divided in 4 groups as, Below 
1000 kg, 1001 to 1850 days, 1851 to 2750 kg and 2751 kg and above and designated as L1, 
L2, L3 and L4 , respectively. Least square method as suggested by Harvey (1976) was used 
for analysis of the data in order to overcome the problem of non-orthogonality of effects 
due to unequal and disproportionate sub class frequencies. To study the effect of parity, 
period of calving, season of calving on the colostrum production traits and fortnight milk 
production traits, the following statistical model was used. 
Yijkm = µ+ Pi+ Sj+ Rk+ eijkm 
Where,  
Yijkm is mth the observation of colostrum production and fortnight milk production traits of 
ith period of  calving and jth season of calving and kth  parity.µ  is population mean.Pi  is the 
effect of ith period of calving (i = 1, 2, 3)            
Sj  is the effect of jth season of calving (j= 1, 2, 3) 
Rk is the effect of kth parity (k = 1, 2… 5)   
eijkm is the effect of random error associated NID ~ (0, 62e) 
 Another, following least square analysis model suggested by Mondal et al (2007) 
was also used to analysis same traits.    
Yijkm = µ+ Di+ Gj+ Lk+ eijkm 
Where,  
Yijkm is mth the observation of colostrum production and fortnight milk production traits of 
ith dry period and jth  gestation period and kth  previous lactation yield. 
µ  is population mean. 
Di  is the effect of ith dry period group (i = 1, 2, 3,4,5)            
Gj  is the effect of jth gestation period group (j= 1, 2, 3) 
Lk is the effect of kth previous lactation milk yield group (k = 1, 2… 5)   
eijkm is the effect of random error associated NID ~ (0, 62e) 
The standard error of µ was calculated from the inverse matrix as show below: 
SE (µ) =    (cµµ) 62e     
Where, 
  µ is over all population mean, Cµµ is the corresponding diagonal inverse element 
for the constant. 62e is error mean square.  
Duncan’s multiple range test (DMRT)       
       Duncan’s multiple range test (DMRT) described by Kramer (1957) was used to make 
pair wise comparison among the least square means with the use of inverse elements and 
the root mean square for error. 
 
RESULTS AND DISCUSSION 
The present investigation entitled, “Colostrum Production Traits, Its Association 
With Milk Production Traits And Prediction Of Part Lactation Milk Yield In Red Sindhi 
Cow” was under taken to assess the magnitude of different factors affecting the colostrum 
production traits and part lactational milk yield traits of Red Sindhi cow. Average of 
colostrum production traits and part lactational milk yield traits are given in Table 1. Least 
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square means for effect of various factors on colostrum production traits and part lactational 
milk yield traits are given in Table 2 and 3, respectively.  
I. Colostrum production traits 
The traits considered under this investigation were colostrum yield at 1st to 4th day 
(CYA 1, 2, 3, 4) and up to 4th day (CYU 4). The means for colostrum yield at 1st to 4th day 
and up to 4th day were 3.87 ± 0.08, 4.86 ± 0.09, 5.36 ± 0.10, 5.69 ± 0.10 and 19.78 ± 0.33 
kg, respectively. The increased trend of colostrum production by 25.58 per cent at second 
day over first day, 10.28 per cent increase at third day over second day and 6.15 per cent 
increase at fourth day over third day. The overall least square means for above traits were 
3.85 ± 0.10, 4.90 ± 0.10, 5.38 ± 0.10, 5.74 ± 0.10, and 19.88 ± 0.34 kg, respectively. 
 a.   Effect of parity  
 Parity had significant (P < 0.01) effect on all traits CYA 2, CYA 3, CYA 4 CYU 4 
except CYA 1. The contribution of parity on above traits was 1.66, 3.73, 3.11, 5.68 and 
4.55 per cent, respectively to the total variation in Red Sindhi cow.Cows calved in 1st parity 
produced lower (p < 0.01) colostrum at 2nd and 3rd day. The cow calved in 2nd and 4th parity 
were at par with each other for all colostrum production traits. Nagawade (2005) observed 
similar result in “Phule Triveni” triple crossbred cattle.  
b.  Effect of period of calving  
 Period of calving exerted significant differences for CYA 1, CYA 2, CYA 3, CYA 4 
and CYU 4. The contribution of period of calving was 5.09, 4.50, 3.24, 5.94 and 6.12 per 
cent, respectively for above traits to the total variation in Red Sindhi cow.The cows calved 
during period 3 produced significantly lower colostrum at 1, 4 and upto 4 day than 1 and 2 
period of calving. The 1 and 2 period of calving were at par for 2 and 3 day colostrum yield. 
Similar trend of effect of period of calving on colostrum production traits was reported by 
Nagawade (2005).   
c. Effect of season of calving  
 Season of calving had non-significant effect on CYA 1, CYA 2, CYA 3, CYA 4 and 
CYU 4. The contribution of season of calving was 0.53, 0.35, 0.41, 0.42 and 0.43 per cent, 
respectively for corresponding traits to the total variation in Red Sindhi cow. The results are 
in collaboration with the findings of Nagawade (2005) in his studies on Phule Triveni 
crossbred cows. 
d. Effect of gestation period group  
Gestation period group showed non-significant effect on CYA 1, CYA 2, CYA 3, 
CYA 4 and CYU 4. The contribution of gestation period group was 0.73, 0.93, 0.89, 0.19 
and 0.45 per cent, respectively for corresponding traits to the total variation in Red Sindhi 
cow. Mondal et al. (2007 a) found similar results in Karan Swiss, Sahiwal and Tharparkar 
cattle. 
e.  Effect of dry period group 
 Dry period group showed non-significant effect on CYA 1, CYA 2, CYA 3, CYA 4 
and CYU 4. The contribution of dry period group was 0.64, 1.10, 0.48, 1.03 and 1.13 per 
cent, respectively for corresponding traits to the total variation in Red Sindhi cow. Mondal 
et al. (2007 a) showed different results. They reported that dry period significantly affected 
colostrum production traits in Karan Swiss, Sahiwal and Tharparkar cattle. 
f.  Effect of previous lactation milk yield group 
 Effect of previous lactation milk yield group had significantly affected CYA 1, 
CYA 2, CYA 3, CYA 4 and CYU 4.  The contribution of previous lactation milk yield 
group was 2.68, 7.43, 8.91, 5.98 and 7.48 per cent, respectively for corresponding traits to 
INTERNATIONAL RESEARCH JOURNAL OF 
MULTIDISCIPLINARY STUDIES 
  
Vol. 3, Issue 8, August, 2017       ISSN (Online): 2454-8499      Impact Factor: 
1.3599(GIF), 
                                                                                                                   0.679(IIFS) 
1st August, 2017                                      Page No: 5 
Web: www.irjms.in                Email: irjms2015@gmail.com, irjms.in@gmail.com           
the total variation in Red Sindhi cow. The 3rd and 4th groups of previous lactation milk yield 
were at par with each other for 1st and 2nd day colostrum yield. The 1st group produced 
lower colostrum except 1st day colostrum yield than other group. Mondal et al. (2007 a) 
reported similar results in Karan Swiss, Sahiwal and Tharparkar cattle. 
II  Part Lactational Milk Yield Traits : 
 The traits considered under this investigation were FMYU 15, FMYU 30, FMYU 
45 and FMYU 60.The raw means for these traits were 99.50 ± 1.43, 213.86 ± 2.98, 323.62 
± 4.35 and 425.84 ± 5.68 kg, respectively. There was increase of 114.93 per cent in 
FMYU 30 over FMYU 15, 51.32 per cent for FMYU 45 over FMYU 30 and 31.58 per cent 
for FMYU 60 over FMYU 45. The overall least square means for these traits were 100.28 ± 
1.43, 216.35 ± 2.98, 328.11 ± 4.36 and 432.11 ± 5.68 kg, respectively.  
a.  Effect of parity  
 Parity showed significant ( P < 0.01) differences for FMYU 15, FMYU 30, FMYU 
45 and FMYU 60. The contribution of parity was 5.99, 7.49, 8.56 and 8.69 per cent 
respectively for above traits to the total variation in Red Sindhi cow. The cows calved 
during parity 1st showed significantly lower fortnight milk yield than those calved during 
parity 2nd, 3rd, 4th and 5th. The cows calved during parity 2nd, 3rd, 4th and 5th were at par with 
each other for all traits of fortnight milk production. Significant effect of parity on milk 
yield upto 30 and upto 60 days was reported by Gahlot et al. (1991) in Rathi cattle and 
Nagawade (2005) in Phule Triveni cows.  
 b.  Effect of period of calving 
 Period of calving had significant effect on FMYU 15, FMYU 30, FMYU 45 and 
FMYU 60. The contribution of period of calving was 4.44, 4.58, 3.72 and 3.43 per cent 
respectively for above traits to the total variation in Red Sindhi cow.The cows calved 
during period 3 showed significantly lower fortnight milk yield for FMYU 15, FMYU 45, 
FMYU 60 except FMYU 30 than those calved during period 1 and 2. Vershney and Tomar 
(1982), Birajdar (1983), Katoch and Yadav (1990), Gahlot et al. (1991) and Nagawade 
(2005) showed significant effect of period of calving on part lactation milk yield.  
c.  Effect of season of calving  
 Season of calving had non-significant effect on fortnight milk yield upto 2 months. 
The corresponding contribution of season of calving was 0.69, 0.19, 0.14 and 0.23 per cent 
respectively for above traits to the total variation in Red Sindhi cow. Vershney and Tomar 
(1982), Birajdar (1983), Nagawade (2005) found similar result in Dairy cattle. Katoch and 
Yadav (1990) and Gahlot et al. (1991) showed significant effect of season of calving for 
milk yield up to 60 days and for cumulative monthly milk yield up to 2 months, 
respectively.  
d.  Effect of gestation period group  
Effect of gestation period group showed non-significant effect on FMYU 15, 
FMYU 30, FMYU 45 and FMYU 60. The contribution of gestation period group was 0.22, 
0.02, 0.06 and 0.10 per cent respectively for above traits to the total variation in Red Sindhi 
cow. 
e. Effect of dry period group 
Effect of dry Period group showed non-significant effect on FMYU 15, FMYU 30, 
FMYU 45 and FMYU 60. The contribution of dry period group was 1.22, 1.04, 1.09 and 
0.80 per cent respectively for above traits to the total variation in Red Sindhi cow. 
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f.  Effect of previous lactation yield group 
 Effect of previous lactation yield group showed significant effect (p < 0.01) on 
FMYU 15, FMYU 30, FMYU 45 and FMYU 60. The contribution of previous lactation 
yield group was 8.02, 9.74, 12.46 and 13.82 per cent respectively for above traits to the 
total variation in Red Sindhi cow. The Previous lactation yield group 3rd and 4th were at par 
with each other for FMYU 15, FMYU 30 traits and the group 1st produced the lower 
fortnight milk on FMYU 45 than 2nd, 3rd, 4th group. 
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Table 1. Averages of colostrum, fortnight milk yield and milk production traits of Red Sindhi 
cow 
Traits N Mean S.E. (±) 
Increase over preceding 
day or fortnight (%) 
Colostrum yield at 1st day (kg) 424 3.87 0.08  
Colostrum yield at 2nd day (Kg) 424 4.86 0.09 25.58 
Colostrum yield at 3rd day (Kg) 424 5.36 0.10 10.28 
Colostrum yield at 4th day (kg) 424 5.69 0.10 6.15 
Colostrum yield up to 4th day (kg) 424 19.78 0.33  
Fortnight milk yield up to 15 days (kg) 424 99.50 1.43  
Fortnight milk yield upto30 days (kg) 424 213.86 2.98 114.93 
Fortnight milk yield upto 45 days (kg) 424 323.62 4.35 51.32 
Fortnight milk yield upto 60 days (kg) 424 425.84 5.68 31.58 
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Table 2. Least squares means for colostrum production traits and various factors affecting 
colostrum production traits in Red Sindhi cow 
Effect N 
Colostrum Yield 
1st day 2nd day 3rd day 4th day Up to  4th day 
Mean S.E. (±) Mean 
S.E. 
(±) Mean 
S.E. 
(±) Mean 
S.E. 
(±) Mean 
S.E. 
(±) 
Overall mean 
(µ) 424 3.85 0.10 4.90 0.10 5.38 0.10 5.74 0.10 19.88 0.34 
Parity           
1st  137 3.53 0.16 4.33c 0.15 4.87 c 0.15 4.98 b 0.16 17.62 b 0.54 
2nd  96 4.10 0.19 5.04a 0.18 5.55 a 0.18 5.92 a 0.19 20.67 a 0.65 
3rd  86 3.80 0.20 4.92 ab 0.19 5.53 a 0.19 6.12 a 0.520 20.54
 ab 0.68 
4th  64 4.13 0.23 5.38a 0.23 5.72 a 0.23 5.97 a 0.23 21.06 a 0.80 
5th  41 3.70 0.29 4.82 b 0.28 5.25
 
ab 0.28 
5.71 
ab 0.29 19.51
 b 0.19 
Period of Calving           
P1(1961-1974) 150 3.91 b 0.16 4.98 a 0.15 
5.37 
ab 0.15 5.68
 b 0.16 19.92 b 0.54 
P2(1975-1989) 152 4.37 a 0.16 5.37 a 0.15 5.82 a 0.15 6.37 a 0.15 21.94 a 0.53 
P3(1990-2003) 122 3.27 c 0.17 4.35 b 0.17 4.96 b 0.17 5.16 c 0.17 17.77 c 0.58 
Season of Calving           
S1(June-Sep) 130 3.64 0.17 4.80 0.16 5.34 0.16 5.64 0.17 19.44 0.57 
S2(Oct-Jan) 151 3.96 0.16 5.05 0.15 5.54 0.15 5.92 0.16 20.47 0.53 
S3(Feb-May) 143 3.95 0.16 4.85 0.16 5.26 0.15 5.67 0.16 19.72 0.55 
Gestation period group           
1. Below 280 
days 37 3.32 0.32 4.29 0.31 5.01 0.30 5.43 0.32 18.35 0.10 
2. 281-290 days 149 3.79 0.11 4.89 0.11 5.41 0.10 5.74 0.11 19.89 0.38 
3. Above 291 
days 91 4.00 0.21 5.02 0.19 5.32 0.19 5.66 0.21 19.97 0.69 
Dry period group 
1. Below 50 days 29 3.77 0.36 5.04 0.34 5.49 0.34 5.93 0.36 20.27 1.18 
2. 51-100 days 90 4.04 0.22 5.36 0.20 5.76 0.20 6.34 0.21 21.49 0.71 
3.101-150 days 89 4.21 0.28 5.39 0.20 5.87 0.20 6.29 0.21 21.89 0.70 
4.151-200 days 53 4.13 0.28 5.09 0.26 5.66 0.26 6.14 0.27 20.84 0.91 
5. Above 201 
days 16 3.72 0.49 4.64 0.47 5.49 0.47 5.57 0.49 19.36 1.62 
  Previous lactation milk yield group         
1. Below 1000 kg 62 3.36b 0.24 4.12 c 0.24 4.54 c 0.24 5.15 c 0.25 17.28 c 0.82 
2.1001-1850 kg 130 3.9 ab 0.19 4.99 b 0.18 5.5 bc 0.18 5.89 b 0.18 20.44 b 0.63 
3.1851-2700 kg 63 4.05a 0.25 5.49 a 0.24 5.94 b 0.24 6.3 ab 0.25 21.83 b 0.84 
4.2751 kg or 
above 22 4.53
a 0.42 5.80 a 0.39 6.55a 0.39 6.84 a 0.42 23.53a 1.38 
Similar superscript did not differ significantly from each other. N – Number of observation. 
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Table 3. Least squares means for fortnight milk yield up to 60 days traits and various 
factors affecting fortnight milk yield up to 60 days traits in Red Sindhi cow 
Effect    N 
Milk yield upto (kg) 
15 days 30 days 45 days 60 days 
Mean S.E.(±) Mean S.E.(±) Mean S.E.(±) Mean S.E.(±) 
Overall mean (μ) 424 100.28 1.43 216.35 2.98 328.11 4.36 432.11 5.68 
Parity          
1st  137 88.72b 2.35 188.77 b 4.88 284.66 b 7.14 374.69 b 9.31 
2nd  96 104.57a 2.78 224.62 a 5.79 339.25 a 8.46 446.80 a 11.03 
3rd  86 104.10 a 2.92 224.16 a 6.08 341.68 a 8.89 446.29 a 11.59 
4th  64 103.19 a 3.42 223.99 a 7.11 338.57 a 10.40 448.77 a 13.56 
5th  41 100.79 a 4.25 220.23 a 8.82 336.41 a 12.90 444.00a 16.81 
Period of Calving          
P1(1961-1974) 150 102.02 b 2.32 225.12 a 4.82 342.16 a 7.05 451.45 a 9.19 
P2(1975-1989) 152 106.93 a 2.28 226.44 a 4.74 338.88 b 6.93 443.52 b 9.03 
P3(1990-2003) 122 91.89 c 2.52 197.50 b 5.24 303.30 c 7.66 401.36 c 9.98 
Season of Calving          
S1(June-Sep) 130 97.94 2.44 213.60 5.096 323.75 7.41 425.30 9.66 
S2(Oct-Jan) 151 103.52 2.27 219.78 4.72 331.77 6.91 438.61 9.00 
S3(Feb-May) 143 99.36 2.38 215.68 4.94 328.82 7.22 432.42 9.41 
Gestation period group         
1. Below 280 days 37 98.20 4.68 213.42 9.77 322.66 10.30 423.20 18.64 
2. 281-290 days 149 99.53 1.65 213.42 3.46 322.53 5.05 424.03 6.59 
3. Above 291 days 91 99.90 2.98 215.50 6.23 327.52 9.12 432.80 11.89 
   Dry period group          
1. Below 50 days 29 98.19 5.04 233.22 10.26 363.10 14.82 477.05 19.39 
2. 51-100 days 90 99.23 3.03 231.62 6.16 352.46 8.89 463.17 11.64 
3.101-150 days 89 100.20 3.01 240.17 6.12 365.26 8.85 478.60 11.58 
4.151-200 days 53 101.24 3.89 223.81 7.91 343.96 11.42 456.62 14.95 
5. above 201 days 16 100.23 6.89 229.29 14.03 340.31 20.27 447.97 26.52 
  Previous lactation milk yield group        
1. Below 1000 kg 62 90.83b 3.49 198.62 c 7.10 299.69 d 10.26 388.97 c 13.43 
2.1001-1850 kg 130 102.92ab 2.68 222.75 b 5.46 335.24 c 7.89 443.09 b 10.33 
3.1851-2700 kg 63 109.86 a 3.60 239.89 a 7.33 365.03 b 10.59 480.95 b 13.87 
4.2751 kg or above 22 119.67 a 5.90 265.25 a 12.01 412.10 a 17.34 545.73 a 22.70 
Similar superscript did not differ significantly from each other. 
N – Number of observation.    
